17. Ince WL, Jubb AM, Holden and p53 status with the treatment effect of bevacizumab. J Natl Cancer Results: Overall survival (OS) for AAs was similar to survival with duodenal adenocarcinomas, but was significantly different from both extrahepatic biliary and pancreatic adenocarcinomas (P < 0.001 for each comparison). In multivariate analysis, AAs had a significantly improved OS in comparison with extrahepatic biliary adenocarcinomas (HR = 1.97, P = 0.006). Fluoropyrimidine-based as opposed to gemcitabine-based chemotherapy for metastatic AAs resulted in a significant improvement in time to progression (P = 0.001) but only a trend toward benefit for OS (P = 0.07) in multivariate analysis.
introduction
Until recently, carcinoma of the ampulla of Vater has been classified by the World Health Organization of Tumors as a cancer of the extrahepatic biliary tract. However, as distinct epithelia coalesce within the ampulla (duodenal, pancreatic, and biliary) the exact epithelium origin for these tumors is unknown, and in the most recent fourth edition of the World Health Organization of Tumors, ampullary carcinomas are discussed separately from other periampullary carcinomas. Given this uncertainty, the optimal chemotherapy regimen for ampullary adenocarcinomas (AAs) remains undefined.
Single institution series have suggested improved outcomes for AAs in comparison to extrahepatic cholangiocarcinomas [1] . Though no single study has compared stage stratified outcomes for AAs versus extra hepatic cholangiocarcinomas, a comparison of two separate studies evaluating the SEER database suggests superior 5-year relative survival (RS) for AAs compared with extrahepatic biliary adenocarcinomas when stratified by disease stage: localized, 45% versus 34%; and regional, 31% versus 18%, respectively [2, 3] .
In contrast to extrahepatic biliary adenocarcinomas, AAs demonstrate differing histological subtypes: intestinal, pancreaticobiliary, or mixed [4] . These histological subtypes have demonstrated prognostic relevance in some [5] [6] [7] but not all studies [8] [9] [10] . Given the histopathological heterogeneity within AAs and their differing clinical outcomes from other extrahepatic biliary tract adenocarcinomas, conclusive data regarding the use of chemotherapy for ampullary cancer are not available.
The purpose of this study was twofold. First, we sought to better determine the difference between extrahepatic biliary cancers and AAs in a large dataset that would enable a comparison of similarly staged patients. In addition, to evaluate the impact of either gemcitabine-based or fluoropyrimidinebased chemotherapy on patients with metastatic AA.
patients and methods

periampullary adenocarcinoma cohort
From a prospectively maintained surgical database, all patients with a periampullary adenocarcinoma ( primary from ampulla of Vater, duodenum, pancreas, or extrahepatic bile duct) who underwent definitive resection for locoregional disease at the University of Texas MD Anderson Cancer Center (UTMDACC) from September 1988 to March 2010 were identified. A total of 905 patients staged I, II, or III represent the analyzed population. Tumor stage was determined according to the American Joint Committee on Cancer staging system sixth edition.
metastatic ampullary adenocarcinoma cohort
From a separate UTMDACC tumor registry, a total of 138 AA patients with metastatic disease from February 1992 to July 2010 were identified. Thirtyone had stage IV disease and 107 had developed distant metastatic disease following a pancreaticoduodenectomy for AA. For the patients who presented with metastatic disease, only those with an endoscopically visualized mass at the ampulla of Vater, which was biopsy positive for adenocarcinoma, and having a computed tomography (CT) scan demonstrating no evidence of a primary pancreatic mass were included. In addition, all patients were required to have pathology reviewed and confirmed at UTMDACC, treatment with either fluoropyrimidine-or gemcitabine-based chemotherapy as first-line chemotherapy for greater than one month, radiographically visible disease at the time of treatment, and follow-up imaging study completed. A total of 64 patients met these criteria, of whom 25 were also represented in our periampullary adenocarcinoma cohort. Response to chemotherapy was evaluated based on the treating physician's best response assessment. For cases with available pathology (17 cases), histological subtype was intestinal in 4, pancreaticobiliary in 7, and mixed in 6 per histology re-review of the primary resection specimen by a gastrointestinal pathologist (HW). Due to the small number, no further histology subset analyses were conducted.
statistical analysis
For the resected periampullary adenocarcinoma cohort, OS is defined as the time interval between the date of pathological diagnosis and the date of death. For the metastatic AA cohort, OS and time to progression (TTP) are defined from the date of chemo start for distant metastasis to the either date of death or date of disease progression, respectively. The probabilities of OS or progression-free are estimated using the method of Kaplan and Meier and log-rank test was used to assess the difference in OS or TTP among subgroups of patients. Categorical variables were compared using Fisher's exact test and continuous variables were compared by Wilcoxon rank-sum test between groups.
Univariate and multivariate Cox proportional hazards models including all covariates with a P value of <0.1 in a univariate analysis were fit for both OS and TTP. For the resected periampullary adenocarcinoma group potential covariates assessed in the multivariate model were primary tumor site, age, gender, T stage, N stage, surgical margin status, neoadjuvant, and adjuvant treatment. A backward model selection procedure was applied. For the metastatic ampullary cancer group, the potential covariates in our multivariate model included the year of diagnosis, age, gender, tumor differentiation, presence of ampullary adenoma at initial diagnosis, perioperative chemotherapy, time from surgery to distant metastasis, chemo with gemcitabine or fluoropyrimidine, chemotherapy combined with platinum. P values <0.05 were considered to be statistically significant.
This study was approved by the institutional review board of UTMDACC.
results overall survival for the periampullary adenocarcinoma cohort
In the resected periampullary adenocarcinoma cohort, there were 131 ampullary, 63 duodenal, 41 extrahepatic biliary and 670 pancreatic adenocarcinoma patients, supplementary Table S1 , available at Annals of Oncology online.
The median OS for all 905 patients was 2.3 years (95% CI 2.1-2.5 years). The estimated 5-year OS and 10-year OS rates of AA patients were 62% and 40%, which were not significantly different from duodenal adenocarcinoma (66% and 55%, P = 0.19). The 5-year OS and 10-year OS rates for the extrahepatic biliary adenocarcinoma cohort were 24% and 16%, and for the pancreatic adenocarcinoma cohort were 17% and 5%, respectively. Both were significantly different from AA patients (both P < 0.001), Figure 1A .
When stratified by N stage, significant differences between ampullary compared with biliary adenocarcinoma (P = 0.003 for N0 group and P = 0.044 for N1 group, respectively) and ampullary compared with pancreatic adenocarcinoma (both P < 0.001) were seen, Figure 1B and C. No significant differences in OS between ampullary and duodenal adenocarcinoma patients (P = 0.08 and 0.67 in the N0 and N1 group, respectively) were identified. When stratified by T stage, patients with T1-T2 AAs had significantly better survival compared with biliary (P < 0.0001) and pancreatic adenocarcinomas (P < 0.0001), but not duodenal adenocarcinomas (P = 0.15). However, while patients with T3-T4 AAs had improved survival compared with those having T3-T4 pancreatic cancers (P < 0.0001), their survival was no better than patients with T3-T4 biliary (P = 0.34) or duodenal adenocarcinomas (P = 0.07), Figure 1D and E.
In the multivariate Cox proportional hazard model for OS, AAs differed from all other periampullary adenocarcinomas: pancreatic adenocarcinoma (HR = 4.13; 95% CI: 2.95-5.77, P < 0.0001), extrahepatic biliary adenocarcinoma (HR = 1.97; 95% CI: 1.22-3.19, P = 0.006), and duodenal adenocarcinoma (HR = 0.62; 95% CI: 0.38-1.00, P = 0.05), Table 1 .
metastatic ampullary adenocarcinoma cohort Single-agent chemotherapy was used in eight (20%) patients treated with fluoropyrimidine and nine (38%) patients treated with gemcitabine. The most common chemotherapy combination involved the addition of a platinum agent, occurring in 31 patients (55%) treated with a fluoropyrimidine and 9 patients (38%) treated with gemcitabine, supplementary Table S3 , available at Annals of Oncology online.
The response to chemotherapy was evaluated for both the groups and a treatment response was seen in 23 (58%) of patients treated with fluoropyrimidine and in 5 (21%) patients treated with gemcitabine (P = 0.005). For the fluoropyrimidine treated group and the gemcitabine treated group, the rates of stable disease were 30% and 38%, respectively and the rates of progressive disease 
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were 13 and 42%, respectively. Five patients had a complete radiographic response, four treated with fluoropyrimidine-based therapy, and one treated with gemcitabine-based therapy. Metastatic disease was biopsy proven in two of these cases and none of these patients received consolidative radiation or metastectomies. Three of these patients remain disease-free at 8, 30, and 69 months from the start of chemotherapy. Fluoropyrimidine-based chemotherapy was associated with a significant improvement in TTP with a median TTP of 9.2 months (range: 1.6-69.3 months) compared with 3.4 months (range 0.8-34.3 months) for gemcitabine based chemotherapy, P = 0.0006, Figure 2A . The fluoropyrimidine group also had a trend toward improved median OS: 19.1 months (range: 2.6-70 months) versus 12.3 months (range: 2.9-55.7 months), respectively, P = 0.06, Figure 2B . When patients were grouped by platinum-based chemotherapy (N = 40, 63%) compared with non-platinum based chemotherapy (N = 24, 38%), there was no difference in either OS or TTP (P = 0.26 and 0.10, respectively.)
The univariate and multivariate analyses for OS and TTP on metastatic AA patients are shown in supplementary Table S4 , available at Annals of Oncology online. In univariate analysis, the use of gemcitabine compared with fluoropyrimidine was a significant factor for TTP (HR = 2.76; 95% CI 1.51-5.04, P = 0.001) and a borderline significant factor for OS (HR = 1.68; 95% CI 0.97-2.92, P = 0.07). The final fitted Cox model for OS and TTP includes chemotherapy treatment (gemcitabine-based or fluoropyrimidine-based) as a covariate, and shows a benefit for the use of fluoropyrimidine-based front-line treatment for TTP (P = 0.001) and a trend favoring benefit from fluoropyrimidine-based treatment for OS (P = 0.07). In the subgroup of 50 localized AA patients who developed distant metastases following pancreaticoduodenectomy, there were similar findings in both univariate and multivariate analyses. The use of gemcitabine-based regimen was a significant poor prognostic factor versus fluoropyrimidine in TTP (HR = 2.52; 95% CI 1.28-4.97, P = 0.007) and a borderline poor factor for OS (HR = 1.82; 95% CI 0.97-3.43, P = 0.06).
discussion
There are limited data and no consensus regarding the appropriate chemotherapy for patients with adenocarcinomas arising from the ampulla of Vater. As AAs have been grouped with biliary tract cancers, they have generally been treated with gemcitabine-based chemotherapy, which is the standard approach for biliary tract cancers. However, our data clearly show that for similarly staged patients, differences in the natural history of ampullary and extrahepatic biliary adenocarcinomas exist. In addition, our analysis of patients with metastatic AAs suggests that fluoropyrimidine-based as opposed to gemcitabine-based chemotherapy may represent a better platform for chemotherapy delivery.
Our 905 patient periampullary adenocarcinoma population represents one of the largest datasets of patients with these cancers. In contrast to other reports which compared overall outcomes for all patients, we were able to compare the outcomes for patients stratified by both nodal status and tumor stage [1] . This is important as an early stage at presentation of AAs has been suggested to explain their improved outcomes since these tumors can obstruct the biliary tree at a small size. Consistent differences existed between these two tumor types when stratified by N or T stage and in multivariate analysis.
Although these findings suggest that AAs have a more favorable biology compared with other periampullary tumor types, they do not address the suspected heterogeneity within AAs. A number of prior studies have attempted to identify prognostically distinct subtypes using differences in histology, cytokeratin expression, mucin expression, microsatellite instability, and intestinal-specific markers [4, 5, 7, [9] [10] [11] [12] [13] . In the recent ESPAC-3 study that randomly assigned 434 patients with resected non-pancreatic periampullary adenocarcinoma to either observation or adjuvant chemotherapy, stratifying AA cohort into either intestinal or pancreaticobiliary subtypes demonstrated a significant difference for DFS (45.7 versus 20.6 months, P = 0.01) and a non-significant difference for OS (56 versus 43.1 months, P = 0.28) that favored the intestinal subtype [14] .
At present, AAs are often approached as biliary tract tumors with gemcitabine-based treatment. In the recent phase III ABC-02 study that randomly assigned biliary cancer patients to gemcitabine with or without cisplatin, patients with ampulla of Vater were included [15] . Though only 20 cases were enrolled, the hazard ratios for this subgroup suggested a benefit from combination therapy with gemcitabine and cisplatin in comparison to gemcitabine alone (HR = 0.62, 95% CI 0.21-1.82). Two phase II studies have also evaluated fluoropyrimidine-based therapy for AAs [16, 17] . One phase II study that evaluated CAPOX chemotherapy enrolled 12 patients with metastatic AAs and demonstrated a RR of 33% for this subset [17] . The second phase II study evaluating FAM enrolled only four patients with AAs and did not report separate outcomes for this small subset [16] . Though the recent ESPAC-3 demonstrated no difference in OS between observation and adjuvant chemotherapy (P = 0.25), a difference favoring adjuvant chemotherapy was noted in a secondary multivariate analysis (P = 0.03). No difference between the bolus 5-FU and gemcitabine chemotherapy arms was seen, with both 5-FU and gemcitabine demonstrating similar hazard ratios for both OS (0.79 and 0.70) and DFS (0.68 and 0.69), respectively, in multivariate modeling.
Though limited by a small sample size, our data also suggest that fluoropyrimidine-based therapy may represent a more active front-line systemic chemotherapy compared with gemcitabine-based treatment for patients with AA. Although fluoropyrimidine-treated patients had an improved TTP in comparison to gemcitabine-treated patients in multivariate analysis (P = 0.001), there was only a trend favoring fluoropyrimidine-based treatment for OS (P = 0.07). In order to explore the possibility of differential chemotherapy benefit based upon histological subtypes of AA, we reviewed the histological subtype on all available cases. However, as we were only able to obtain histology on 17 cases (27%), we could not make any conclusions based upon histological subtype.
There are limitations in our study. This was a retrospective study and included patients treated over a long time period. Treatment patterns differed between patients and periampullary tumor types. Though the use of neoadjuvant therapy differed across periampullary tumor types, similar rates were seen for ampullary, duodenal, and extrahepatic bile duct tumors. Analysis of our metastatic ampullary cohort was limited by small size, though this cohort does represent the largest cohort of metastatic AA patients treated with chemotherapy. The choice of chemotherapy agents was based upon each individual treating physician and other factors aside from the analyzed baseline characteristics may have impacted this choice. As the ampulla of Vater is an anatomically small structure with multiple other adjacent tumor types nearby ( pancreatic, biliary, and duodenal), determination of the primary site without pathological review of the ampulla of Vater is clinically challenging. To address this difficulty, we applied strict endoscopic and radiographic criteria to all patients who presented with stage IV disease. In addition, as the majority of our metastatic ampullary patients developed metastases following a pancreaticoduodenectomy, we analyzed this population (n = 50) separately. The similar findings in this subgroup, in which histopathological evaluation of the primary tumor provided certainty regarding the primary tumor site, support our selection criteria for stage IV AAs.
Similar to previous data, our results suggest that resected ampullary and extrahepatic biliary adenocarcinomas have distinctly different natural histories. Such results lend credence to the consideration of a non-gemcitabine based chemotherapy approach for AAs. As our evaluation of chemotherapy in AAs is both retrospective in nature and limited by small sample size, our findings suggesting improved outcomes with fluoropyrimidine-over gemcitabine-based chemotherapy should be viewed as hypothesis generating. Prospective studies evaluating optimal chemotherapy for ampullary cancer with stratification based on the histological subtype of AAs are needed.
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